Abstract-Nowadays services as those provided by smart cities, health smart services, as well as common services (e.g., telephonic services, e-mail services), have a great economic impact for organisations and represent an important mean to deliver value to their consumers. The malfunctions of both the services themselves as well as the entities responsible for their execution and consumption might cause economic losses, consumers' dissatisfaction and even shorten the service life cycle, among other risks. To avoid malfunctions beyond maintaining quality levels desired, it is important to take into account the widest possible context information that cause either positive or negative effects around services and entities involved in their provisioning and consumption. In this paper, we propose an upper ontology for service provisioning and consumption from a service-centric perspective. Specifically, we focus on software services, although we could argue for more generic applications. The contribution is the analysis, evaluation and reuse of existing proposals on context models to identify the strengths and weaknesses of its current status as well as to identify contexts not yet considered, and consolidate an integrated view of these proposals. The ultimate intention is to provide a well-defined and consolidated infrastructure of context information as a common body of knowledge, that could be instantiated on variety of use cases, for example, to be instantiated by monitors as context information useful to be monitored, or to be used as context information that allows knowing which contexts affect a service when a user consumes it, among others.
INTRODUCTION
The proliferation of available services over the last years has increased the number of consumers and simultaneously stepped up both desired requirements and context-aware capabilities, not only in services but also in those entities supporting them, including the consumer himself. According to [1] , "to provide adequate service for the users, applications and services should be aware of their contexts and automatically adapt to their changing contexts-known as context-awareness". In fact, context is key in the development of new services that will impact social inclusion for the emerging information society [2] . In this regard, services are increasingly requiring being aware to their context.
Context is a broad concept and several definitions are provided in the academic literature. In this paper we apply the definition given in Dey [3] [4] , "Context is any information that can be used to characterize the situation of an entity. An entity is a person, place, or object that is considered relevant to the interaction between a user and an application, including the user and applications themselves". This context definition could be used in several ways, e.g., to understand the place in which a service will be executed, to delimit a conversation among entities, to understand the behaviour of entities, to identify risks in service provisioning, among others.
We consider context from a service-centric perspective in which not only services but also entities supporting them, including the consumer, should be aware of context responsible of either positive or negative effects before, during or after their interaction. This kind of context is still poorly addressed and used; therefore, providing a common body of knowledge in this context perspective can be relevant and useful in a variety of use cases (e.g., helping in service development process, service monitoring, service adaptation, service improvement, etc.). The amount of knowledge that could be represented as context information may be extensive and it depends heavily on the entities identified in a certain interaction process, i.e. given an entity and its corresponding role in a process is possible to identify the context related. In this regard, it must be possible to represent context information as time, temperature, location, situation, etc.
The effort in context representation seems to go in the way of providing a well-defined infrastructure. In this sense, proposals on contexts have emerged in order to define models to represent the context knowledge. Hence, context models including ontologies, taxonomies and hierarchies are the engineering artefacts that have been proposed to provide welldefined structures and definitions of contexts. However, as it happens in many other areas, it does not exist a single model agreed by the scientific community; instead several proposals have emerged for specific or general purposes. These proposals may diverge in several matters: addressed facets, size, structure, terminology, underlying principles, etc. Whereby, it may be argued that it is necessary an effort to carry out a state of the art of context models specifically for ontologies, taxonomies and hierarchies in the area of services, to unify and consolidate existing context knowledge through a systematic roadmap mainly focused on analyse and evaluate the acquired information.
The aim of this paper is to provide a consolidated body of context knowledge expressed in an upper ontology for service-centric perspective. Specifically, we focus on software services, although we could argue for a more generic application. The roadmap is to identify and relate existing context models for services proposed in the academic research conducting a state of the art. As a result of such research, we have been able to identify the strengths and weaknesses of its current status. In addition, an attempt to reuse knowledge and provide new one will be addressed by means of an ontology following the guidelines provided in the formal ontology development process described in [5] [6] [7] . The importance of this work lies mainly in two lines, providing an overview of existing context models and making available a unified and consolidated ontology easy to be instantiated independent of the acting entity, specifically in the process of service provisioning and consumption.
The remainder of the paper is structured as follows. In section II is presented an introductory background in service provisioning and consumption, defining context, advantages to use an ontology for context representation and the ontology development process. In section III, the ontology specification is described. In Section IV the knowledge acquisition is addressed by performing a state of the art, providing an analysis and assessment of existing context models. In section V the ontology conceptualization and resulting ontology are presented. In section VI the resulting ontology is validated. In Section VII a scenario instantiating the context ontology is described. Finally, in Section VIII, we present the conclusions and future work.
II. BACKGROUND
In this section we give a brief description of the main streamlines that influence our work such as service provisioning and consumption processes, overview of context, advantages to use an ontology for context representation and the methodology used to conduct the formal ontology development process.
A. Service provisioning and consumption
In today´s world, there are different kinds of services created to facilitate the life of the human in their daily tasks, i.e., these services have been developed to solve different needs according to certain requirements of different human contexts. As a result, an enormous explosion in the offering of services occurred, in fact it can be observed that for a given need, lots of these can be found. According to [8] there is a growth in consumer services driven by various social and economic factors and technology. Among these we find: rising demand for social services, size and role of the public sector, complexity of work environments, etc. The key of services lies in the value offered as the following definition specifies:
"a service is a means of delivering value to customers by facilitating outcomes customers want to achieve without the ownership of specific costs and risks" [8] .
According to [9] delivering value has become a central issue in the discussion of whether service as a perspective or logic can offer something new for customers. From this perspective the same authors consider at least two aspects of service as a logic, viz. a logic for consumption and a logic for service provision. These two aspects of service logic are, of course, intertwined with and dependent on each other. Furthermore, the provider logic has to be geared towards the customer logic. Thus, the value creation depends widely on both aspects, but not limited to them.
We consider that the value creation is a process performed by different entities, where each entity has important roles and responsibilities to keep the value delivery. In order to identify those entities, it is necessary to understand the role of services in more complex structures such as the service-oriented architecture (SOA) defined as follows: [10] .
In order to have an extended vision of entities and roles involved in service provisioning and consumption, we have employed the extended service-oriented architecture (ESOA) provided in [11] as shown in Fig. 1 . 
B. Overview of context
As already mentioned, the term context is widely used with very different meanings or very general definitions as the following, "context is the interrelated conditions in which something exists or occurs" [12] . This definition is too general and therefore, it does not help to understand what a context is and how it can be use, in order to apply the term effectively. In this sense we use the following context definition:
"Context is any information that can be used to characterize the situation of an entity. An entity is a person, place, or object that is considered relevant to the interaction between a user and an application, including the user and applications themselves" [3] [4] . This context is very important, since it provides information about the present status of people, places, things and devices in the environment [13] [14] . According to [15] the context information is useful to identify various situational circumstances, such as:
• The location and identity of the client who invoked the service, whether it is a person, or another service.
• The time at which the client invokes the service.
• The activity that the client is carrying out at the time it invokes the service.
• The preferences that the client may have defined prior to invoking the service.
• The security and privacy policies associated with the client of this service.
• The device (laptop, PDA, smartphone, etc.) that the client is using to invoke the service.
From a more technical point of view, the authors in [16] describe different forms of context that can be used by computers as: location, the presence of objects and people, temperature and blood pressure or more generally as any environmental factor that might influence the activities on a computer, provided it can be sensed.
The context information can be characterized by properties referred in literature as Quality of Context (QoC) indicators. It is defined in [17] as follows, "QoC is any information that describes the quality of information that is used as context information. Thus, QoC refers to information and not to the process nor the hardware component that possibly provide the information". This concept is a step forward once the context information has been identified, thus, it is out of the scope of this paper.
One of the major applications of context is in the area of context-awareness which refers to the ability to use context information. To avoid increasing complexity and allow the users to concentrate on his tasks, applications and services must be aware of their contexts and automatically adapt to their changing contexts-known as context-awareness [18] . One goal of context-aware systems is to acquire and utilize information in the context to provide services that are appropriate to particular people, place, time, event, etc. [1] . According to [19] a system is context-aware if it can extract, interpret and use context information and adapt its functionality to the current context of use.
In common services it is also important to take into account the context information. A good example is provided in [20] describing a restaurant service. In this case, it is argued that if context information is not provided, the restaurant would typically show the menu of the day. Instead, if context information is provided, the restaurant could eventually provide different suggestions depending on who is walking by. If parents with children walk by, the restaurant would show the children's menu; if a couple is looking at it in the evening, it would show the menu for a candle light dinner; and if it is hot and sunny in the afternoon, the restaurant would advertise the selection of ice cream.
C. Advantages to use an ontology for context representation
The representation of context information is usually carried out with the help of models that formalize collected context knowledge. In fact, as stated in [21] context is an information space that can be modelled as a directed state graph, where each node denotes a context, and edges denote the conditions for change in context. Each context is defined by a set of entities (typically including literal values, as well as real-world and information objects), a set of roles (for example, functions) that entities may satisfy, a set of relations between the entities, and a set of situations. Entities, roles, and relations are modelled as expressions over observables captured and inferred by the system at the appropriate level of abstraction.
In this regard, we use an ontology to represent context information. According to [22] an ontology is a formal explicit description of a domain, consisting of classes, which are the concepts found in the domain, also called entities. Representing context information based on an ontology is a challenge in the sense of describing in a precise and traceable manner this information. Ontologies seem to be the way to represent the knowledge concerning context in several domains. As stated by [23] [24] ontologies are believed to be a key feature in the making of context-aware distributed systems due to the following reasons:
• Ontologies enable the sharing of knowledge by open dynamic agents (e.g. web services);
• Ontologies supply semantics for intelligent agents to reason about context information;
• Ontologies promote the interoperability among devices and computational agents.
According to [25] the reasons for developing context models based on ontology are the following:
• Knowledge Sharing. The use of context ontology enables computational entities such as agents and services in pervasive computing environments to have a common set of concepts about context while interacting with one another.
• Logic Inference. Based on ontology, context-aware computing can exploit various existing logic, reasoning mechanisms to deduce high-level, conceptual context from low-level, raw context, and to check and solve inconsistent context knowledge due to imperfect sensing.
• Knowledge Reuse. By reusing well-defined Web ontologies of different domains (e.g., temporal and spatial ontology), it is possible to compose large-scale context ontology without starting from scratch.
• The user needs and expectations can be predicted to recommend suitable material based on the ontological inference mechanism.
• It enables formal analysis of domain knowledge for context reasoning from the explicitly defining context ontology.
• The main purpose of ontology-based context model is to enable semantic interoperability and to provide common understanding of the structure of context information among users.
D. Ontology development process
In the academic research there exist relevant methodologies on how to develop ontologies, some of these are the following: METHONTOLOGY [5] [6] [7] , Uschold and King's [27] , Grüninger and Fox's [28] and On-To-Knowledge [29] , among others. In this work, the methodology used to develop the extended context ontology is based on the formal ontology development process described in METHONTOLOGY.
This methodology was selected because provides a set of activities and states well-structured and easy to follow; proposes the evolving prototype as the life cycle that better fits with the ontology life cycle; this evolving prototype allows to go back from any state to other if some definition is missed or wrong; activities like knowledge acquisition, documentation and evaluation are support activities that are carried out during the majority of the life cycle states; further, provides a set of deliverables to be produced after the execution of the activities using its attached techniques, thus documented ontology is ensured.
Activities and stages in METHONTOLOGY could be planed and arranged following an ontology life cycle in order to know when to perform the tasks to move from a given stage to the next and in how much depth. We rely on the life cycle selection based on the statements provided in [5] where the evolving prototype life cycle is used since the ontology grows depending on the needs. Indeed, this life cycle allows modifying, adding, and removing definitions in the ontology at any time. Thus, the activities and stages planned and arranged to be developed through the ontology life cycle are those related to specification, knowledge acquisition, integration, conceptualization and evaluation described as follows:
• Specification. This phase allows to provide domain, scope and purpose of the ontology starting with the following questions defined in [5] [6] : what is the domain that the ontology will cover? Why the ontology is being built? What are its intended uses and endusers? Furthermore, to specify reasoning and scoping requirements of the ontology we define a set of competence questions following the guidelines provided in [28] [30] in which is also mentioned that these questions are only a sketch and do not need to be exhaustive.
• Knowledge acquisition. Activity that provides the list of sources of knowledge and gives a rough description of how to carry out the knowledge acquisition. In this paper, this activity is carried out through a state of the art of existing context models.
• Conceptualization. Phase to conceptualize the acquired knowledge in a conceptual model that describes the problem and its solutions. This phase is useful to organize and convert an informally perceived view of a domain into a semi-formal specification using a set of intermediate representations that can be understood by domain experts and ontology developers [6] [7] . The result of this phase is the conceptual model of the ontology.
• Integration. Reusing definitions already built into other ontologies instead of starting from scratch. As we have already mentioned, the essence of this work is to consolidate and integrate existing context knowledge providing a well-defined context infrastructure. Thus, the integration phase is carried out through the analysis, evaluation and selection of acquired context fulfilling the requirements defined into the specification phase.
• Evaluation. In order to avoid wrong definitions in the ontology an evaluation is needed. We carried out the evaluation during and until the end of the conceptualization phase to examine the ontology-based categorization to avoid possible errors [31] .
The resulting formality of the ontology following the activities and stages previously defined reaches to a semiformal level corresponding to a conceptual view of the ontology [5] provided in this paper. The next sections report the stages and activities applied to our work.
III. SPECIFICATION
As we have mentioned, specification phase is needed to determine the domain, scope and purpose of the ontology. This information is an important base supporting the knowledge acquisition activity in the inclusion and exclusion of concepts coming from existing context models, mostly considered those fulfilling the specification. In the remainder of this section we answer the questions specified in the previous section, that according [5] [6] this questions and their corresponding answers are useful to carry out this phase.
A. Domain, purpose and scope
The domain of the ontology is focusing on contexts causing either positive or negative effects on entities involved in service provisioning and consumption. In this sense, the scope of the ontology is delimited by relevant entities surrounding the domain specified. Following the bottom-up approach the central idea is that context is always connected to an entity, i.e., context information is produced by characterizing the situation of each entity participant in the interaction given in a process.
At this point of acquired knowledge based on both the information provided in Section II.A, and the brainstorming generated with service experts, we have identified basic entities surrounding the service provisioning and consumption. To show them we propose the following diagram depicted in Fig.  2 . viewed as a service-centric perspective. It is worth noting, that this perspective is a basic view of entities that at least should exist in service provisioning and consumption, but it could be extended. In this regard, in the next section an effort to identify further entities fulfilling the specification requirements and that could be integrated in the service-centric perspective proposed is made. In addition, a compilation of context information affecting each of the entities identified is addressed.
The purpose of the ontology is to provide structured context knowledge from a service-centric perspective. According to academic literature, there is context information provided by conceptual models yielding context hierarchies for different domains, but despite the various attempts to develop a taxonomy for context information, there is no generic context categorization applied altogether in service-centric perspective. In this sense, our motivation lies in the lack of ontologies oriented to consolidate and provide an integrated view of context information in service provisioning and consumption.
Given the service-centric perspective of the ontology its use cases and end-users can be varied depending of the entity involved in the interaction with a service. For instance, the ontology can be used by consumers in order to know which kind of context information affects their interaction with a service (e.g., the interaction between a person and smart parking service, maybe it is affected by social aspects such as strikes), also the ontology can help consumers to understand their own context affecting the interaction with a service (e.g., language of the user, situation of the user, etc.), from a more technical use case, the ontology can provide context information useful for monitors (e.g., sensors, systems, etc.) to observe services and entities involved.
In order to support the scope of the ontology in the sense of delimit contexts integrating its structure we have established a series of competence questions following the guidelines provided in [28] [30] . In this sense, we have oriented the competence questions mainly to identify both the entities involved in service provisioning and consumption and the context for each entity identified. According to [32] competency questions can be used for scoping and evaluation, where scoping entails knowing what must not be in the ontology. To define and establish competence questions in our domain the background provided in Section II and the proposed service-centric perspective depicted in Fig. 2 . were taken as primary source of information.
Thus, the competence question oriented to identify and establishing entities in our domain carried out in the next section as part of the analysis and evaluation of existing context models is defined as follows:
• Given both the definition of context in Section II.B and the background of service provisioning and consumption in Section II.A. What are the entities involved in service provisioning and consumption that can be characterized as context? As baseline we have identified the entities depicted in Fig. 2 . such as service, customer, service provider, service infrastructure, interaction means and third-party services.
Hence, those entities responding the previous competence question will be included as a concept in the proposed servicecentric perspective. To retrieve context information involved in each entity identified, we took as bases the entities already specified in Fig. 2 . to formulate the following competence questions, for brevity's sake, we only define three of them:
• Given the statement that a service provider is the entity responsible of delivering a service. What are the contexts involved in a service provider affecting the service provisioning and consumption?
• Given the statement that a service needs an infrastructure to be delivered, used and provided with certain functionality. What are the contexts involved in the service infrastructure affecting the service provisioning and consumption?
• Given the statement that customers sometimes need means to interact with a service (e.g., smartphones, computer, another service, etc.). What are the contexts involved in an interaction mean affecting the service provisioning and consumption?
Hence, context information answering the competence question for each entity identified will be characterized in the ontology. For brevity's sake, answers to previous competence questions were omitted since the whole context is defined in the resulting ontology, depicted in Fig. 6 . The aim of this ontology is the representation of context information (CI) affecting the behaviour of entities identified based on the service-centric perspective depicted in Fig. 2 . To illustrate the aforementioned, we provide the diagram showed in Fig. 3 . in which each entity has an abstract context composed by an aggregation of context information or context elements affecting one or more entities. Based on the previous information, we are prepared to decide about the inclusion or exclusion of concepts in the ontology as well as about their hierarchical structure. We summarize in TABLE I the information gathered in the specification phase using the ontology specification document provided in [5] . 
Ontology requirement specification document Domain:
Service provisioning and consumption Purpose:
Providing structured context knowledge from a service-centric perspective Level of formality:
Semi-formal

Scope:
Context information affecting entities involved in the domain Sources of knowledge:
Background addressed in Section II, brainstorming and the study carried out in the following section.
IV. KNOWLEDGE ACQUISITION
This section is addressed performing a state of the art of existing proposals on context models, highlighting the analysis, evaluation and reuse of them to identify the strengths and weaknesses of its current status as well as to identify contexts not yet considered, and consolidate an integrated view of these proposals attending a common body of knowledge. According to [32] speed and reliability may be increased by using an existing ontology as the starting point and basis for guiding knowledge acquisition.
A. State of the art
Different proposals of context models have been addressed in the academic literature providing benefits mainly for specific domains. These proposals outline context models in form of ontologies, taxonomies or informal hierarchies. In many cases these models and definitions are weak and incomplete, yet they have led to serious discussions of the subject. Furthermore, context models despite the various attempts to develop a taxonomy for contexts, do not provide a profound and generic context categorization. Most of the introduced context ontologies focus on isolated context-aware applications.
Relevant context information differs from a domain to another and depends on the effective use of this information. Although most of the context information provided by existing models can be applied in the domain of service provisioning and consumption, other context information has been neglected. In fact, an upper ontology focused on providing context affecting the interaction among entities involved in the service-centric perspective has not been yet considered at all in context ontologies.
In the remainder of this section a brief review of research works on context models is presented, while an attempt is made to analyse and evaluate each context proposals. In order to carry out systematically the review, we have selected a set of relevant and objective general criteria provided in [33] to assess the context model proposals. In addition, we have included criteria that differ among the different works, such as domain, hierarchies, depth level, nodes, context definitions and development method. These criteria are specified as follows:
• Domain. Area or topic in which the context model was proposed. E.g., context-aware, smart environments, ubiquitous and pervasive computing, etc.
• Subject. Entity or subject for which the context model is described. E.g., user, service, mobiles, etc. We use flexible if the context model can be applied for different subjects or entities, otherwise, specific.
• Formalism. Type of formalism or model used to represent the context. E.g., ontology-based, taxonomybased, graph-based, etc. Whether a formalism is not used or at least it is not presented we use unemployed.
• Level. Level of formality of the proposed model. We use higher if the model was specified in a formal language, otherwise, lower.
• Hierarchies. Whether the model proposed clearly defines context hierarchies. We use defined if at least the first level hierarchy is presented, semi-defined if no formal categorization is defined, in this case the proposed context is considered as first level hierarchy, otherwise, undefined.
• Depth level. Maximum depth level of the model proposed, i.e., number of hierarchy levels defined in the context model. We consider levels of classes and subclasses, but instances of properties or values are discarded.
• Nodes. Number of nodes presented in the context model. We consider as nodes, classes and subclasses; instances of properties or values are discarded.
• Definitions. Whether each context provided in the model is defined. We use complete if all levels of contexts presented in the model are defined, first level if at least contexts of the first level hierarchy are defined, partially if at least a notion of the context addressed is presented, otherwise, null.
• Method. Type of method used to develop the context model, e.g., user-centric perspective, reusing context knowledge, etc.
The information presented in TABLE II was acquired based on previously defined criteria and represents both an overview of research works on context models and starting point to consolidate representative context knowledge as part of the paper roadmap. In fact, the purpose at this stage is to provide a general landscape of context model proposal whilst learning different issues such as, type of recurrent information, type of issues that can be observed during the data analysis, type of information that can be used for further analysis, among others.
Through the results provided in TABLE II we identified different issues in the context models addressed. Related to context models definitions we have observed that a set of these context models were derived from existing ontologies yielding distributed definitions, i.e., the context definitions mostly were omitted and delegated for reused ontologies. One of the most referenced ontologies that reuse other ontologies is provided by H. Chen et al. in [24] which present an ontology called SOUPA in which part of the vocabulary addressed is adopted from a number of different consensus ontologies including [60] Another important issue is related to the domain and hierarchies, although different domains were analysed, a common core of context surrounding them can be observed. However, different context hierarchies are provided which breaks defining a context baseline. The main problem that we have observed related to hierarchies is the level of abstraction that proposals try to transmit in the model, sometimes is very specific or very generic. In this sense, a further analysis and evaluation of hierarchies is addressed in following sections. Moreover, information related to depth level, nodes and context definition is used for further analysis and assessment on specific characteristics presented in the context models proposed such as size, definition completeness, among others. It is widely described in the remainder of this section.
B. Context models caracteristics
This section is addressed analysing and evaluating the structural characteristics of the proposed context models in terms of its size (quantity) and definition coverage (quality).
• Size: we evaluated the size considering the amount of nodes (representing context information) specified in the context models and its level of depth. Through this criterion, the most extensive context models are proposed by M. Grassi et al. [46] with 77 nodes, followed by J. Kim et al. [58] with 39, and S. Scerri et al. with 36 nodes. In the first case, the presented context model has a 5-level depth, second case a 4-level depth and the third case a 2-level depth. In this regard, the correlation presented in context models between the number of nodes and the depth level is depicted in Fig. 4 . We can observe that context models presenting nodes between 3 and 6 were usually developed in 1-level depth (5 proposals). In the mid-range area, context models between 15 and 18 nodes were usually developed in a 2-level depth (4 proposals), in fact, the most proposals were developed in a 2-level depth (16 proposals). Regarding, larger context models (more than 30 nodes) were presented in three depth levels 2, 4 and 5. On average, the proposed context models have 19.26 nodes and a depth level of 2.32.
• Definition completeness: according to Fig. 5 . we can observe that only 20% of the presented proposals have a unique and consistent definition for the context information specified in the context model (i.e. 100% definition completeness), either by explicitly defining the context in the paper or by referencing to the paper which has the definitions. Portion followed by 6% of well-defined context (i.e. between 80% and 90% definition completeness).
The remaining proposals present problems of different scale: (1) some context information is not defined; (2) the context model is based on several context models and although they are referenced, it is not specified which is the chosen definition for each context, leading to different definitions which are not consistent with each other; (3) the definitions on some context factors are too vague or ambiguous. Following the previous criteria, a majority of the presented proposals, up to 43% have a definition completeness between 20% and 39%, i.e. between 20% and 39% of the contexts are defined within of the aforementioned problems. Another portion of 17% of context models has a definition completeness between 40% and 59%, of context information defined with some of the aforementioned problems. 7% of the context models have a definition completeness between 60-79% and, the remaining 7% have a definition completeness between 0-19%.
During the review of definition completeness we have performed a further analysis on each of the context definitions provided in the context model proposals. For brevity's sake, we focus only on the first hierarchy level of each context model proposed. In response, we observed two main issues, on the one hand a set of contexts are synonyms to each other, i.e., there are different context names referring to the same context meaning (e.g., location-place, environment-weather, etc.). On the other hand, a set of contexts are closely related to each other without being synonyms, i.e., they are subclasses of a higher context class, but this categorization is not clear. These aforementioned issues represent hierarchy definition problems, especially, because we are focusing on the same level hierarchy (e.g., physical and user environment clearly could be grouped in a single category called location). In this regard and in order to avoid inconsistencies as well as to unify context terms, we propose grouping synonyms and sub-classes into categories referring to a higher context concept as shown in TABLE III. It is important to mention that we are not making a formal reusing of the ontologies reviewed in the state of the art, since several proposals have specified the same context information at different context levels (hierarchies) and makes it difficult to reuse them. Therefore, we make a matching process among the context information proposed in which is only evaluated the first context level.
V. CONCEPTUALIZATION
As we have mentioned before, conceptualization phase structures the domain knowledge in a conceptual model that describes the problem and its solution in terms of the domain vocabulary identified in the ontology specification and acquisition knowledge. To carry out the conceptualization we use a glossary of terms and concept taxonomies to provide the conceptual model of the ontology corresponding to a high level hierarchy view. Hence, the first task to do is building a glossary of terms, for brevity's sake the glossary only includes concepts already identified in the stage of acquisition knowledge corresponding to the first hierarchy level of each context model proposed.
The glossary of terms depicted in TABLE IV identifies and gathers all the useful and potentially usable domain knowledge and its meanings. It is important to mention, that we have made an extended glossary of terms available in [67] (omitted here for space issues) providing definitions of every concept, property and entity presented in each of the analysed context models (if they were provided). Moreover, for issues related to inconsistent definitions, we tailor the definitions provided in the analysed context models, into definitions easy to understand in our domain (See TABLE IV).   TABLE IV. GLOSSARY OF TERMS.
Main context Description Time
Time in a particular situation when an activity occurs, i.e., time when an entity is involved on the interaction process of service provisioning and consumption.
Location
Abstraction of a physical spatial place where an entity interact with a service Activity Activities occurring near the entity and by the entity, before, during or after the interaction with a service.
Environment
Parameters of the environment such as light level, ambient noise, temperature, humidity, etc., affecting the service provisioning and consumption.
Human Factors
Different factors affecting the human before, during or after the interaction with a service. E.g., relationship, social aspects, etc.
Resource
Nearby devices, tools or services useful to interact with a service. E.g., smartphones, interpreter, etc.
Policy
Policies are a set of rules specified to restrict or guide the execution of entities actions before, during or after the interaction with a service.
Preferences
Preferences of the entity before, during or after the interaction with a service.
Role
Role of the entity before, during or after the interaction with a service.
Profiles
Profiles of the entity related to characteristics, abilities, education, etc., affecting the service provisioning and consumption.
Infrastructure
Infrastructure supporting the service provisioning and consumption.
Once the glossary of terms contained a sizable number of terms, the next task is building concept taxonomies or conceptclassification trees, selecting terms that are concepts from the glossary of terms and structure their taxonomic relations. The resulting context taxonomy defining a conceptual model of the ontology corresponding to a high level hierarchy view is shown in Fig. 6 .
In order to avoid possible errors in the upper ontology presented, it is important to examine and evaluate certain features of the ontology following the guidelines presented in [3] [9] . The ontology evaluation mainly consist in verifying elements not simultaneously instance of two classes of a disjoint decomposition, checking that there are not loops in the concept taxonomy, verifying that several terms do not refer to the same concept and so on. 
VI. ONTOLOGY INSTANTIATING, A SCENARIO
In this section is addressed a scenario describing general concepts of the ontology through the relations among them. Normally to represent context information in different situations of the real word, a specialized scheme is created. In this regard, we propose an instantiation of the resulting ontology based on a demonstration scenario establishing a common context vocabulary including some properties and relations already identified in the activity of acquisition knowledge. The following scenario provides a high-level description usage scene of a Smart Parking service from the end-user's viewpoint.
The scenario describes in a nutshell a Smart Parking service allowing detecting available parking spots by placing the node under the pavement. It works with a magnetic sensor which detects when a vehicle is present or not. This monitoring platform is in charge to provide the information about each parking place to manage the available spaces. So, the usage scenario is as follows:
Chris is a 50- As can be seen, the above scenario involves various context entities, concepts, relations and properties, which are depicted in the proposed instantiation illustrated in Fig. 7 . through the associations that exist among one another. 
VII. CONCLUSIONS AND FUTURE WORK
We have surveyed the state of the art of context model proposals for software services providing an overview on the field and making available a unified and consolidated upper ontology-based context, easy to be instantiated independent of the acting entity, specifically in the process of service provisioning and consumption from a service-centric perspective. Although we are focusing in a domain perspective we expect more generic applications and even allowing the integration and reuse of definitions already established into other ontologies as part of the essence imbued in our ontology.
As a result we provide a well-defined and consolidated infrastructure of context information defining a common body of knowledge that could be instantiated on variety of use cases such as monitoring and adaptation of different entities (e.g., services, users, providers, etc.), helping in service development process, or to be used as context information that allows knowing which contexts affect an entity before, during and after the service provisioning and consumption, among others. In this regard, a use case scenario has been proposed to demonstrate the instantiation options of the ontology in a real case.
As a final conclusion, we believe that this snapshot view on the anatomy of context models for software services may be a good reference for prospective researchers and practitioners on the field, especially with the aim of avoiding new classifications or definitions that may be contrary to the established practices that we have found. Regarding to the upper ontology provided, we believe that it can be used as a reference model, in order to alleviate different issues such as the provisioning and establishment of context hierarchies, inconsistencies on context factor definitions, among others. This work is intended to be adequately generic encompassing all the present and future particularities of context information seen from a service perspective.
As future work, we want to extend the state of the art addressed in this work in a form of systematic mapping considering an extended panoramic view of context model proposals. In addition, based on the context models retrieved and selected we want to improve the results provided in this paper. Also would be interesting to make a questionnaire to the entities identified in the service-centric perspective to provide percentages of which context surrounding them daily. One question could be as follows, what contexts provided in the context model are most related to your surrounding environment?
As final comment, this proposal is not intended to be completed since we only have considered the first level context information provided for each of the proposals analysed and evaluated. As future work we want to extend this perspective and consider the remaining context levels to complete our approach. Once this phase is reached, we are thinking to provide different resources from an ontological point of view, such as the instantiation method, inference, reasoning and implementation, etc.
